The socioeconomic status (SES) of patients has been widely recognized as playing an important role in many health-related conditions, including orthopaedic conditions, in which a higher SES has been associated with a higher utilization of more advanced medical treatments such as drugs, diagnostics, and surgery. However, the association between SES and cruciate ligament surgery has not been thoroughly investigated.
Cruciate ligament injuries in the knee are common orthopaedic conditions, with a yearly incidence of 78 per 100,000 in the general population. 26 The optimal treatment of a cruciate ligament injury is under continuous debate. Although treatment of a cruciate ligament injury varies in different countries, it has been suggested that cruciate ligament reconstruction should be reserved for specific groups of patients such as elite athletes, arguing that nonoperative treatment with structured rehabilitation is considered to result in comparable long-term outcomes in young and active patients, while the general population rarely suffers from cruciate ligament ruptures. 7, 15, 35 A recent population-based study demonstrated that cruciate ligament reconstruction did not protect from osteoarthritis 25 ; thus, the actual influences that drive patients and physicians to choose a specific treatment become important.
Socioeconomic status (SES) is a multidimensional construct that reflects a person's access to generally important resources such as material goods, money, networks of people, power, education, and health care. 27 The influence that SES has on health care has been widely recognized 1 in orthopaedics as well as other fields, where a higher SES has been associated with a higher utilization of surgery and better outcomes. 2, 8, 9, 28, 38, 40 For example, patients with a lower SES were found to have a lower likelihood of undergoing hip replacement surgery and even reported worse outcomes. 8, 38, 40 Moreover, patients with a higher SES are more likely to undergo surgical treatment for an anterior cruciate ligament (ACL) injury as compared with patients with a low SES. 10 Additionally, in studies of patients undergoing cruciate ligament surgery, patients with fewer years of education had worse quality of life than those with more years of education. 12 The problem of disparity in received care in association with the SES has been widely debated. 3, 21, 30 However, an association between SES and choice of treatment after a cruciate ligament injury has not been properly studied yet.
This population-based cohort study aimed to shed further light on the association between SES and choice of operative versus nonoperative treatment in a public health care system in which care is provided free of charge and all citizens are entitled by law to the same quality of health care. The primary hypothesis was that patients with a higher SES would have a higher likelihood of receiving operative treatment for a cruciate ligament injury as compared with patients with a lower SES.
METHODS
The ethics committee at Karolinska Institutet (Dnr: 2010/ 1713-32) approved the study, which was performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments.
Setting and Study Design
We conducted a nationwide, population-based cohort study in Sweden using data from the Swedish National Patient Register (NPR), the Longitudinal Integration Database for Health Insurance and Labor Market Studies (LISA), and the Swedish Multi-Generation Register. A 10-digit national registration number, a unique identifier assigned to all Swedish residents at birth or immigration, allows record linkage between registries.
Description of Registries
The cohort was identified within the NPR, which was established by the Swedish National Board of Health and Welfare in 1964. The register has practically nationwide coverage for all inpatient visits since 1987 and is of very high validity. 22 Outpatient visits and ambulatory care have been recorded since 2001. The NPR documents all individual hospital discharges, with each record corresponding to a single hospital episode. Every record contains patient age, patient sex, dates for hospital admission and discharge, geographical location of the hospital, clinical ward, main and contributory discharge codes, and surgical procedures. All diagnoses are coded according to the International Classification of Diseases (ICD-7 until 1968, ICD-8 from 1969-1986, ICD-9 from 1987-1996, and ICD-10 thereafter).
The LISA is a longitudinal integration database run by the national agency Statistics Sweden since 1990 and includes all persons 16 years of age and older. The database integrates existing data from registers on the labor market, education, and social sectors. The database provided information on individual and household disposable income and highest achieved educational level, which were used as socioeconomic indices. 33 The Swedish Multi-Generation Register from Statistics Sweden contains information on parents of more than 95% of the indexed population in Sweden (which extends to those born from 1932 onwards). 13 The Swedish MultiGeneration Register allowed the connection between persons, their offspring, their siblings, and their parents.
Definition of Cohort
We identified all patients in the NPR with a recorded firsttime diagnosis of a cruciate ligament injury (ICD-9: 844.2, sprain of the cruciate ligament of the knee; ICD-10: S835, distortion engaging the cruciate ligament in the knee; M235: chronic instability in the knee joint) (n = 98,349). All 3 ICD codes have been analyzed in detail in a previous publication and have been found to be well validated and to be the most specific diagnoses for a cruciate ligament injury. 26 Outpatient data collection started in 2001 initially with a pool of registered prevalent cases of a cruciate ligament injury and successively stabilizing on a lower number, which is assumed to represent the true annual incidence. 
Exposure
Our main exposure was SES. We used 2 different indicators: (1) household income (total household disposable income per consumption unit for the household) and (2) education (highest achieved educational level of the patient or the patient's parents). The use of household income and education has been widely studied and validated as some of the most accurate indicators of SES. 1 Household income was categorized in quartiles by year of injury, and level of education was based on the number of total years of education, with 5 different categories: 5, postgraduate/professional training or standard college/university graduation; 4, partial college/university education; 3, high school graduation (12 years); 2, vocational schooling (10th or 11th grade); and 1, junior high school (including 9th grade) or less. To make comparisons of disposable income among different types of households, a weighting system was used in which the income is related to the composition of the household. The disposable income was divided by the weight that applies to the household. The weight system is described as follows: single adult and first adult in a cohabiting relationship, 1.0; second adult in a cohabiting relationship, 0.51; household member older than 14 years of age, 0.5; and household member younger than 14 years, 0.3.
Outcomes
The NPR was used to identify those patients who underwent cruciate ligament reconstruction, classified according to the Swedish version of the NOMESCO Classification of Surgical Procedures (NGE41, NGE42, NGE49, NGE51, NGE52, NGE59). This primary outcome was categorized as a dichotomous variable, analyzing whether a patient underwent cruciate ligament reconstruction.
Statistical Analyses
Univariate and multivariate Poisson regression models were used to estimate relative risks (RRs) and 95% CIs for the association between indicators for SES (household income and education) and cruciate ligament treatment. Follow-up was from the date of cruciate ligament injury and ended at the date of cruciate ligament reconstruction, emigration, death, or December 31, 2010, whichever came first. The models were adjusted for sex and categories of age (10, 11-20, 21-30, 31-40, 41-50 , .50 years). All statistical analyses were performed with SAS software version 9.2 (SAS Institute).
RESULTS
Patients who underwent cruciate ligament reconstruction comprised 39% of the cohort (n = 20,660). Women represented 41% of the cohort, and the mean (6SD) age at the time of diagnosis was 32 6 14 years; patients between the ages of 21 and 30 years represented the largest group (26%). There were 287 patients without any information regarding education, however this represented less than 1% of the cohort, and these subjects were excluded from the analysis ( Table 1 ). The mean time from injury to surgery in the cruciate ligament reconstruction group was 236 6 345 days (~8 months; range, 0-3028 days).
Patients with the highest education had a 29% increased likelihood of being treated operatively compared with those with the lowest education (RR, 1.29; 95% CI, 1.19-1.39). Higher education levels had a significantly higher likelihood in an incremental trend (Table 2) .
Patients in the highest quartile of disposable household income had a 16% statistically significant higher likelihood of undergoing operative treatment than those in the lowest quartile (RR, 1.16; 95% CI, 1.11-1.20) ( Table 2) .
Time to surgery among those who were treated surgically differed between the different SES classes in which the mean time for patients with the highest education was 221 days compared with 261 days among those with the lowest education (P \ .001). Similarly, the mean time for patients with the highest household income was 225 days compared with 239 days for those with the lowest household income (P \ .001).
DISCUSSION
This population-based study demonstrates that patients with a higher SES had a higher likelihood of undergoing surgical reconstruction than patients with a lower SES. High levels of education conferred a higher likelihood of undergoing surgical treatment than the lowest level. Similarly, when analyzing household income, we found a significant, although smaller, increase in the likelihood of undergoing surgical treatment among the higher quartiles as compared with the lowest quartile. These effects seem to increase as age increases. Furthermore, those with high levels of education had shorter waiting times between injury and surgery.
These findings are similar to those of a previous study in which the odds of ACL surgery were higher among patients with a higher SES as compared with a low SES. 10 Other Mann-Whitney U test and chi-square test were used accordingly. Education level: 1, junior high school or less; 2, partial high school education; 3, high school graduate; 4, partial college/university education; 5, postgraduate/professional training or college/university graduate. Patients without any information regarding education (n = 287) were excluded from the analysis.
d Income quartile: 1, \25%; 2, 25% to \50%; 3, 50% to \75%; 4, 75%. Income quartile: 1, \25%; 2, 25% to \50%; 3, 50% to \75%; 4, 75%.
studies have concluded that SES can be a factor determining the type of treatment that patients receive 6, 16, 23, 24 and have even associated a low SES with inadequate treatment. 5 Our study is able to confirm these results while additionally providing population-based validation.
The main limitation of this study is the potential misclassification of a cruciate ligament injury because the registry does not include information about criteria or diagnostic methods. The ICD-10 classification does not allow for a distinction between the ACL and isolated posterior cruciate ligament, which based on previous literature accounts for 3% of all cruciate ligament injuries. 20 It is also a limitation that bilateral injuries cannot be identified from this registry, and data from the Swedish Cruciate Ligament Register show that 2% of patients underwent bilateral reconstruction. 34 There is always a possibility of registration bias when dealing with registries; however, the NPR has been well scrutinized, achieving a validation of as high as 95%. 22 All Swedish citizens are entitled by law to the same quality of health care; therefore, unmotivated differences in treatment between different socioeconomic groups are to be seen as a challenge. One potential explanation of our results is the effect that SES might have on patientphysician communications and relationships in which better communication skills and higher health literacy among those with a higher SES have previously been linked to disparities in health care. [17] [18] [19] 32, 39 Furthermore, there are several ways by which physician factors may result in the delivery of different types of care to patients in different SES levels, 31, 36, 37, 39 and some physicians have reported that in certain situations, they deliberately change their care because of a patient's SES, describing that these changes were in the patient's interest. 4 Moreover, SES has been associated with health behaviors in which a low SES is more related to unhealthy behaviors (eg, lack of physical activity) than a high SES 11, 14, 29 and thus could explain the propensity for patients with a higher SES to pursue a surgical option that would allow them a rapid return to their previous level of activity. Another factor that may also explain why patients with a high SES are treated operatively more often is the negative effect that surgical treatment has on the time to return to work. Patients who perform intellectual work (often of high SES) may need to miss only 1 week of work or school after cruciate ligament reconstruction. In contrast, patients who perform manual labor (often of low SES) may need to miss 12 weeks of work after cruciate ligament reconstruction.
We conclude that having a higher SES as determined by the household income and/or level of education increased the likelihood of undergoing surgical reconstruction after a cruciate ligament injury. In the future, it is important to evaluate the specific mechanisms by which the SES of patients influences the decision of whether to treat a cruciate ligament injury operatively.
